








Wkh Fkrsvwlfn Dxfwlrq lv dq dxfwlrq jdph lq zklfk wkh kljkhvw
elgghu uhfhlyhv wzr ydoxdeoh remhfwv/ dqg wkh vhfrqg kljkhvw elgghu
rqh zruwkohvv remhfw1 Wklv jdph prghov wkh h{srvxuh sureohp/ dv wkh
vhfrqg kljkhvw elgghu kdv wr sd|1 Zh dqdo|}h wkh Fkrsvwlfn Dxfwlrq
zlwk lqfrpsohwh lqirupdwlrq1 Iru wzr ulvn qhxwudo elgghuv/ wkh Fkrs0
vwlfn Dxfwlrq kdv dq h!flhqw htxloleulxp dqg lv uhyhqxh htxlydohqw
zlwk wkh vhfrqg0sulfh vhdohg0elg dxfwlrq lq zklfk wkuhh fkrsvwlfnv duh
vrog dv rqh exqgoh1 Li elgghuv duh orvv dyhuvh/ wkh Fkrsvwlfn Dxf0
wlrq lv hlwkhu lqh!flhqw/ ru udlvhv ohvv uhyhqxh wkdq wkh vhfrqg0sulfh
vhdohg0elg dxfwlrq1 Lq fdvh ri wkuhh elgghuv/ wkh Fkrsvwlfn Dxfwlrq
kdv qr v|pphwulf htxloleulxp1 Zh xvh wkh Gxwfk GFV04;33 dxfwlrq
dv looxvwudwlrq1
Nh|zrugv= Fkrsvwlfn Dxfwlrq> H{srvxuh Sureohp> Orvv Dyhuvlrq>
GFV04;331
MHO fodvvlfdwlrq= G77/ O<9
Wkdqnv wr= P| vxshuylvruv Hulf ydq Gdpph dqg Sklolssh Mhklho> Uhqì ydq ghq Eulqn/
Ehqq| Progrydqx/ Hplho Pddvodqg/ Gulhv Yhuphxohq/ Kdqv Pdnv/ Urvvhood Edujldffkl/
dqg sduwlflsdqwv lq wkh iroorzlqj phhwlqjv= Wkh HHD frqihuhqfh/ 4<<<> wkh HHD Vxp0
phuvfkrro 4<<<> wkh XFO jdph wkhru| zrunvkrs/ 4<<<> wkh HQWHU phhwlqj/ 5333> wkh
zrunvkrs rq frpelqdwruldo dxfwlrqv/ 5333/ Pddvwulfkw> Jdphv 5333> QDNH gd|/ 5333>
dqg wkh vhplqdu dw Wloexuj Xqlyhuvlw|1 Ilqdqfldo vxssruw ri wkh Qhwkhuodqgv Rujdql}dwlrq
ri Vflhqwlf Uhvhdufk +QZR, HVU0judqw 843 343 834 lv judwhixoo| dfnqrzohgjhg1
|FSE Qhwkhuodqgv Exuhdx iru Hfrqrplf Srolf| Dqdo|vlv/ S1R1 Er{ ;3843/ 583; JP Ghq
Kddj/ Wkh Qhwkhuodqgv/ .640:3066;09449/ id{ .640:3066;06683/ D1P1RqghuvwdoCfse1qo/
kwws=22zzz1fse1qo2hqj2jhqhudo2ruj2krphsdjhv2dpr21 Wkh pdlq sduw ri wklv zrun zdv
frqgxfwhg zkloh Rqghuvwdo zdv d!oldwhg zlwk FhqwHU/ Wloexuj Xqlyhuvlw|1
44 Lqwurgxfwlrq
Lq Iheuxdu| 4<<;/ wkh Gxwfk jryhuqphqw dxfwlrqhg olfhqvhv iru vhfrqg jhq0
hudwlrq preloh whohfrppxqlfdwlrq1 Wzr elj orwv dqg vl{whhq vpdoo orwv zhuh
vrog xvlqj d yduldqw ri wkh dvfhqglqj pxowlsoh remhfw dxfwlrq irupdw wkdw kdg
ehhq xvhg e| wkh IFF wr vhoo SFV olfhqvhv lq wkh XV14 Wkh elj orwv +D dqg
E, frqvlvwhg ri :8 GFV04;33 fkdqqhov hdfk/ 48 vpdoo orwv +4/111/48, frqvlvwhg
ri 45 ru 46 GFV04;33 fkdqqhov hdfk/ dqg 4 vpdoo orw +49, frqwdlqhg 55 fkdq0
qhov15 Wkh Gxwfk jryhuqphqw ghflghg wr vsolw wkh vshfwuxp lq vxfk vpdoo
iudfwlrqv lq rughu wr jlyh elgghuv hqrxjk  h{lelolw| wr jhw dq rswlpdo glylvlrq
ri wkh fkdqqhov1 Lqfxpehqwv elgghuv +NSQ6 dqg Olehuwho7, zhuh qrw doorzhg
wr elg rq orwv D dqg E/ dqg qhzfrphuv +Whoiruw/8 Gxwfkwrqh/9 WhohGdqpdun/
Rudqjh2Yhed: dqg Dluwrxfk;, zhuh doorzhg wr elg rq doo orwv1 D qhzfrphu
zdv eholhyhg wr qhhg rqh elj orw ru dw ohdvw yh vpdoo orwv lq rughu wr rshu0
dwh d ihdvleoh qhwzrun iru preloh whohfrppxqlfdwlrq1 D vhw ri ohvv wkdq yh
vpdoo orwv zrxog/ li zh qhjohfw wkh srvvlelolw| ri uhvdoh/ eh ri qr ydoxh wr d
qhzfrphu1<
4Vhh/ PfPloodq +4<<7,/ Fudpwrq +4<<8/ 4<<;,/ PfDihh dqg PfPloodq +4<<9,/ dqg Plo0
jurp +5333, iru ghvfulswlrqv dqg glvfxvvlrqv ri wkhvh dxfwlrqv1
5Rqh fkdqqho lv htxlydohqw wr 315 PK}1
6NSQ xvhg wr eh wkh vwdwh prqrsrolvw ri whohfrppxqlfdwlrq dqg pdlo lq Wkh Qhwkhu0
odqgv1
7Olehuwho zdv dw wkdw wlph d frqvruwlxp ri Yrgdskrqh dqg wkh Gxwfk edqn LQJ1
8Whoiruw zdv dw wkdw wlph d frqvruwlxp ri Eulwlvk Whohfrp dqg Gxwfk Udlozd|v1
9GxwfkWrqh zdv elgglqj xqghu wkh qdph ri Ihghud/ d frqvruwlxp ri Ghxwvfkh Whohnrp/
Iudqfh Whohfrp dqg wzr Gxwfk edqnv1 Diwhu wkh dxfwlrq/ Ghxwvfkh Whohnrp zlwkguhz iurp
wkh frqvruwlxp1
:Rudqjh dqg Yhed duh preloh whohfrp rshudwruv lq wkh XN dqg Jhupdq| uhvshfwlyho|1
;Dluwrxfk lv d XV ede| ehoo1
<Uhvdoh zdv lq idfw srvvleoh/ exw rqo| wr d sduw| wkdw glg qrw dfwlyho| sduwlflsdwh lq
wkh dxfwlrq/ dqg wkhq rqo| zlwk wkh dssurydo ri wkh Plqlvwhu ri Hfrqrplf Ddluv1
5Wkh orwv zhuh vrog dffruglqj wr wkh iroorzlqj uxohv143 Wkhuh lv d vhtxhqfh
ri urxqgv/ lq zklfk elgghuv vxeplw elgv rq orwv1 Iru hdfk orw/ wkh plqlpxp
elg lq urxqg 4 htxdov 31 Iru wkh iroorzlqj urxqgv/ wkh plqlpxp elg rq hdfk
orw lv htxdo wr wkh fxuuhqw kljkhvw elg rq wklv orw soxv d vpdoo elg lqfuhphqw
ri dw prvw 43( ri wkh fxuuhqw kljkhvw elg1 Hdfk elgghu lv holjleoh wr elg
lq urxqg | n  li hlwkhu vkh vxeplwv dw ohdvw rqh elg lq urxqg |/ ru vkh lv
ryhuelg lq urxqg | rq dw ohdvw rqh ri wkh orwv vkh fxuuhqwo| kdv wkh kljkhvw
elg rq1 Zkhq holjleoh wr elg/ d elgghu lv doorzhg wr vxeplw elgv rq doo
orwv144 Wkh rqo| h{fhswlrq wr wklv uxoh lv wkdw d elgghu lv qrw doorzhg wr eh
dfwlyh rq erwk orw D dqg orw E1 Dw wkh ehjlqqlqj ri urxqg |n/ hdfk elgghu
uhfhlyhv lqirupdwlrq derxw elgglqj dfwlylw| lq urxqg |/ dqg lqirupdwlrq wkdw
lv uhohydqw iru wkh fxuuhqw urxqg1 Wkh dxfwlrq hqgv zkhq lq d fhuwdlq urxqg
qr elgv duh vxeplwwhg1 Hdfk orw lv doorfdwhg wr wkh elgghu zlwk wkh fxuuhqw
kljkhvw elg iru d sulfh htxdo wr wklv elg1
Wkh Gxwfk uxohv glhu iurp wkh rqhv xvhg iru wkh XV dxfwlrqv lq dw ohdvw
irxu zd|v1 Iluvw/ elgghuv duh qrw doorzhg wr zlwkgudz wkhlu elg zkhq dq
lqh!flhqw orfn0lq lv lpplqhqw1 Vhfrqg/ wkhuh lv qr dfwlylw| uxoh zklfk irufhv
elgghuv wr uhpdlq dfwlyh rq d jlyhq iudfwlrq ri wkh qxpehu ri fkdqqhov wkh|
ghvluh wr rewdlq1 Wklug/ wkhuh lv qr frpprq nqrzohgjh derxw zkr kdv wkh
kljkhvw elg rq zklfk orwv lq d urxqg1 Irxuwk/ wkh dxfwlrq lv dv|pphwulf lq
wkh vhqvh wkdw lqfxpehqwv duh uhvwulfwhg rq wkh orwv wkh| duh doorzhg wr elg
rq1 Lq wklv sdshu/ zh zloo glvfxvv wkh hhfw ri wkh uvw glhuhqfh rq wkh
rxwfrph ri wkh dxfwlrq1 Iru glvfxvvlrq ri wkh hhfwv ri wkh rwkhu glhuhqfhv/
43Vhh Ydq Gdpph +5333, iru d pruh ghwdlohg ghvfulswlrq ri wkh dxfwlrq uxohv1
44Lq idfw/ lq wkh Gxwfk GFV04;33 dxfwlrq/ d elgghu zdv rqo| doorzhg wr elg rq orwv iru
zklfk kh sdlg d uhodwlyho| vpdoo ghsrvlw ehiruh wkh vwduw ri wkh dxfwlrq1 Doo elgghu kdg
sdlg wkh ghsrvlw iru doo orwv wkh| zhuh holjleoh wr elg rq1
6vhh Ydq Gdpph +5333,1
Lq frqwudvw wr wkh rxwfrph ri wkh Dphulfdq dxfwlrqv/45 wkh rxwfrph ri
wkh Gxwfk GFV04;33 dxfwlrq zdv suredeo| qrw h!flhqw1 Iurp Wdeoh 6/ lw fdq
eh vhhq wkdw lghqwlfdo remhfwv46 zhuh vrog iru vxevwdqwldo glhuhqw sulfhv147
Lq rwkhu zrugv/ wkh Odz ri Rqh Sulfh zdv qrw vdwlvhg/ zklfk vkrxog kdyh
ehhq wkh fdvh lq d shuihfw pdunhw/ dqg zklfk lqglfdwhv lqh!flhqf|1 Dqrwkhu
lqglfdwru ri lqh!flhqf| zdv wkh idfw wkdw wkhuh zdv uhvdoh ri fkdqqhov diwhu
wkh dxfwlrq1 Ehq48 zdv dxwkrul}hg e| wkh Gxwfk dxwkrulwlhv wr dftxluh wkh
olfhqfhv erxjkw e| WhohGdqpdun dqg Rudqjh2Yhed lq wkh dxfwlrq1
45Vhh Fudpwrq +4<<;,1
46Lq idfw/ wkhuh zhuh vpdoo glhuhqfhv1 Vrph ri wkh iuhtxhqflhv frxog qrw eh xvhg iru
uhjlrqv qhdu wkh Ehojlxp dqg2ru wkh Jhupdq erughu/ dqg wkh D dqg E orwv dovr lqfoxghg
vrph JVP iuhtxhqflhv1 Ydq Gdpph +5333, dujxhv wkdw wkh hhfwv ri wkhvh khwhurjrqhlwlhv
rq wkh ydoxh shu iuhtxhqf| duh qrw odujh hqrxjk wr h{sodlq wkh odujh sulfh glhuhqfhv1
47Wkh lqfxpehqwv/ NSQ dqg Olehuwho/ vhhp wr kdyh surwhg iurp wkh dxfwlrq ghvljq1
Wkh| sdlg d orzhu sulfh iru wkhlu iuhtxhqflhv wkdq wzr ri wkhlu xsfrplqj frpshwlwruv/ hyhq
wkrxjk wkh| zhuh olplwhg lq wkh vhqvh wkdw wkh| zhuh qrw doorzhg wr elg iru wkh odujh orwv1
48Ehq zdv dw wkh wlph d mrlqw yhqwxuh ri Ehojdfrp +:3(, dqg WhohGdqpdun +63(,1
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Wdeoh 61 Vxppdu| ri wkh rxwfrph ri wkh GFV04;33 dxfwlrq1 S vwdqgv
iru wkh qdo sulfh ri wkh orw lq ploolrqv ri Gxwfk jxloghuv/ F iru wkh qxpehu
ri fkdqqhov wkh orw frqvlvwhg ri/ dqg S2F iru wkh sulfh +lq ploolrqv ri Gxwfk
jxloghuv, sdlg shu fkdqqho1
Zh frqmhfwxuh/ iroorzlqj Ydq Gdpph +5333,/ wkdw wkh dxfwlrq irupdw wkdw
zdv xvhg lq wkh Qhwkhuodqgv ohdgv wr orzhu elgv dqg wr d ohvv h!flhqw dxfwlrq
rxwfrph wkdq wkh Dphulfdq dxfwlrq irupdw/ dv wkh Gxwfk dxfwlrq irupdw
frqiurqwv elgghuv zlwk wkh h{srvxuh sureohp/ zkhuhdv wkh Dphulfdq irupdw
grhv qrw/ dv elgghuv duh doorzhg wr zlwkgudz wkhlu elg1 Dv d frqvhtxhqfh ri
wkh idfw wkdw d elg frxog qrw eh zlwkgudzq lq wkh Gxwfk GFV04;33 dxfwlrq/
wkh prqh| d elgghu vshqw rq wkh vpdoo orwv rq zklfk vkh kdg wkh kljkhvw
8elg vkrxog eh uhjdughg dv vxqn frvwv1 Elgghuv wkhq udwkhu sod| wkh zdu ri
dwwulwlrq wkdq d vwdqgdug dxfwlrq jdph1 Ehlqj dzduh ri wkh srvvlelolw| ri
orvlqj prqh| rq wkh vpdoo orwv/ elgghuv zhuh yhu| dfwlyh rq wkh odujh rqhv/
dqg elg kdugo| rq wkh vpdoo rqhv1 Vxfk elgglqj ehkdylru suredeo| ohdgv wr
lqh!flhqw rxwfrphv dqg d orz uhyhqxh1 Lq wkh olwhudwxuh rq pxowlsoh remhfw
dxfwlrqv/ wklv sureohp lv uhihuuhg wr dv wkh h{srvxuh sureohp/ dv elgghuv duh
h{srvhg wr wkh ulvn ri sd|lqj pruh iru dq remhfw wkdq zkdw lw lv zruwk wr
wkhp149
Prwlydwhg e| wkh Gxwfk GFV04;33 dxfwlrq/ dqg zlwk wkh dlp wr jhw d
ehwwhu xqghuvwdqglqj ri wkh h{srvxuh sureohp/ zh zloo vwxg| d vw|ol}hg prgho
ri d pxowlsoh remhfw dxfwlrq lq zklfk wkh h{srvxuh sureohp lv suhvhqw1 Wkh
prgho lv ghqhg lq Vhfwlrq 51 D vhoohu vlpxowdqhrxvo| vhoov wkuhh fkrsvwlfnv
lq dq dxfwlrq/ zklfk zh zloo fdoo wkh Fkrsvwlfn Dxfwlrq +FVD,1 Lq FVD/
wkh sulfh/ zklfk lv wkh vdph iru hdfk remhfw/ lv udlvhg frqwlqxrxvo|1 Elgghuv
kdyh wkh rssruwxqlw| wr vwhs rxw dw hdfk sulfh/ xqwlo rqh elgghu lv ohiw1 Wkh
rxwfrph ri FVD lv vxfk wkdw wkh vhfrqg kljkhvw elgghu jhwv rqh fkrsvwlfn iru
wkh dxfwlrq sulfh R/ dqg wkh kljkhvw elgghu jhwv wzr fkrsvwlfnv iru d sulfh ri
2R1 Zh dvvxph wkdw elgghuv* pdujlqdo ydoxhv duh }hur rq wkh uvw fkrsvwlfn/
srvlwlyh rq vhfrqg/ dqg }hur rq wkh wklug1 Elgghuv duh lqfrpsohwho| lqiruphg
derxw wkh rwkhu elgghuv* pdujlqdo ydoxh iru wkh vhfrqg fkrsvwlfn1 Dv wkh
vhfrqg kljkhvw elgghu zlqv d zruwkohvv fkrsvwlfn iru d srvlwlyh sulfh/ elgghuv
idfh wkh h{srvxuh sureohp lq FVD1
Zh zloo lqyhvwljdwh zkhwkhu dq dxfwlrq zlwk dq h{srvxuh sureohp lv ohvv
h!flhqw dqg2ru |lhog ohvv uhyhqxh wkdq dq dxfwlrq lq zklfk wkh h{srvxuh
49Vhh E|nrzvn| hw do1 +4<<;,/ dqg Plojurp +5333,1
9sureohp lv qrw suhvhqw1 Lq rughu wr gr vr/ lq Vhfwlrqv 6 dqg 7/ zh zloo
frpsduh FVD zlwk wkh vhfrqg0sulfh vhdohg0elg dxfwlrq/ lq zklfk wkh wkuhh
fkrsvwlfnv duh vrog dv rqh exqgoh +VSVE,1 Iurp vwdqgdug dxfwlrq wkhru|/
zh ohduq wkdw VSVE kdv dq h!flhqw htxloleulxp +lq grplqdqw vwudwhjlhv,/ lq
zklfk hdfk elgghu vxeplwv d elg htxdo wr khu ydoxh iru wkh fkrsvwlfnv1 Lq wkh
fdvh ri wzr ulvn qhxwudo elgghuv zlwk lghqwlfdo ydoxh glvwulexwlrq ixqfwlrqv/
zh vkrz wkdw FVD kdv d xqltxh v|pphwulf Ed|hvldq0Qdvk htxloleulxp1 FVD
lv h!flhqw/ dqg uhyhqxh htxlydohqw zlwk VSVE1 Krzhyhu/ lq wkh fdvh ri orvv
dyhuvh elgghuv/ VSVE kdv hlwkhu d pruh h!flhqw rxwfrph ru d kljkhu h{shfwhg
dxfwlrq uhyhqxh wkdq FVD1 Zlwk wkuhh elgghuv/ xqghu jhqhudo dvvxpswlrqv
rq wkh ydoxh glvwulexwlrqv dqg wkh xwlolw| ixqfwlrqv ri wkh elgghuv/ zh ghulyh
dq lpsrvvlelolw| uhvxow= FVD kdv qr v|pphwulf htxloleulxp1 Zh frqmhfwxuh
wkdw wklv uhvxow lpsolhv wkdw FVD kdv qr h!flhqw htxloleulxp/ vr wkdw wkh
vhoohu/ zkhq dlplqj dw h!flhqf|/ lv ehwwhu r e| uhsodflqj FVD zlwk VSVE1
Iurp wkhvh qglqjv/ zh frqfoxgh wkdw wkh Gxwfk jryhuqphqw frxog kdyh
lpsuryhg wkh GFV04;33 dxfwlrq e| ghvljqlqj dq dxfwlrq lq zklfk elgghuv gr
qrw vxhu iurp wkh h{srvxuh sureohp1 Wkhuh duh dw ohdvw wkuhh zd|v iru dxf0
wlrq ghvljqhuv wr suhyhqw dxfwlrqv iurp vxhulqj iurp wkh h{srvxuh sureohp1
Wkh uvw lv wkdw wkh dxfwlrq ghvljqhu rhuv odujh sdfndjhv ri remhfwv udwkhu
wkdq vpdoo rqhv1 Vshflfdoo|/ wkh Gxwfk jryhuqphqw pd| kdyh rewdlqhg d
ehwwhu dxfwlrq rxwfrph lq wkh GFV04;33 dxfwlrq e| qrw vsolwwlqj xs wkh vshf0
wuxp lq vxfk vpdoo orwv/ ghvslwh wkh idfw wkdw lq wkdw fdvh/ wkh elgghuv duh
qrw jlyhq wkh rssruwxqlw| wr ohw wkh pdunhw ghflgh rq wkh glylvlrq ri wkh
vshfwuxp14: Lq wkh prgho/ zh kdyh vkrzq wkdw wkh vhoohu lv zhdno| ehwwhu
4:Ohwwlqj wkh pdunhw ghflgh kdv dqrwkhu lpsruwdqw gudzedfn/ qdpho| wkdw wkh uhdol}hg
pdunhw vwuxfwxuh pd| eh yhu| frqfhqwudwhg/ zklfk lv d frqfhuq zkhq wklqnlqj derxw
:r li kh dxfwlrqv wkh fkrsvwlfnv dv rqh exqgoh udwkhu wkdq dv wkuhh glhuhqw
remhfwv1
D vhfrqg zd| wr jhw ulg ri wkh h{srvxuh sureohp lv d zlwkgudzdo uxoh1
Vxfk d uxoh jlyhv elgghuv wkh rssruwxqlw| wr zlwkgudz wkhlu elg zkhq dq
lqh!flhqw orfn0lq lv lpplqhqw1 Lq wkh IFF dxfwlrqv lq wkh XV/ dqg dovr lq
wkh GFV04;33 dxfwlrq dqg wkh XPWV dxfwlrq lq Jhupdq|/4; d zlwkgudzdo
uxoh zdv lpsohphqwhg1 Diwhu wkh dxfwlrq/ elgghuv zhuh doorzhg wr zlwkgudz
wkhlu elg rq fhuwdlq olfhqvhv1 D zlwkgudzlqj elgghu kdg wr sd| d shqdow| lq
fdvh wkh qdo sulfh ri wkh olfhqvh zdv orzhu wkdq khu elg1 Lw lv txhvwlrqdeoh
li vxfk d zlwkgudzdo uxoh frpsohwho| vroyhv wkh h{srvxuh sureohp/ dv elgghuv
vwloo idfh d frqvlghudeoh ulvn ri kdylqj wr sd| wkh shqdow|1 Lq rxu prgho/ wkh
gulylqj irufh ehklqg wkh uhvxowv lv wkdw wkh orvlqj elgghu kdv wr sd| prqh|/
vr wkdw wkhvh uhvxowv uhpdlq ydolg zlwk wkh lqwurgxfwlrq ri d zlwkgudzdo uxoh
zlwk shqdow|1
D wklug zd| wr jhw durxqg wkh h{srvxuh sureohp lv wr doorz iru frpelqd0
wruldo elgv1 Lq rxu prgho/ udwlrqdo elgghuv zloo rqo| vxeplw vwulfwo| srvlwlyh
elgv rq exqgohv ri wzr ru wkuhh fkrsvwlfnv1 Li wkh sd|phqwv uxohv duh vxfk wkdw
wkh zlqqlqj elgghu sd|v wkh kljkhvw elg ri lwv rssrqhqwv rq d exqgoh ri wzr/
wkh dxfwlrq uhgxfhv wr wkh vhfrqg0sulfh vhdohg0elg dxfwlrq/ zklfk zh kdyh
vkrzq wr eh +zhdno|, ehwwhu wkdq wkh Fkrsvwlfn Dxfwlrq1 Krzhyhu/ doorzlqj
iru frpelqdwruldo elgv pd| ohdg wr rwkhu sureohpv1 E|nrzvn| hw do1 +4<<;,
lghqwli| wkh wkuhvkrog sureohp lq vxfk dxfwlrqv/ zklfk vwdwhv wkdw vpdoo elg0
ghuv pd| kdyh wr vroyh frpsolfdwhg frruglqdwlrq sureohpv lq rughu wr eh deoh
frqvxphu vxusoxv +Mhklho dqg Progrydqx/ 5333> Nohpshuhu/ 5334,1
4;Vhh Mhklho dqg Progrydqx +5333, iru d wkhruhwlfdo dqdo|vlv ri wkh Jhupdq XPWV
dxfwlrq1
;wr ryhuelg odujh elgghuv1 Dqrwkhu sureohp lv wkdw lq wkh fdvh ri d odujh qxp0
ehu ri remhfwv/ ghwhuplqlqj wkh zlqqlqj frpelqdwlrq pd| eh frpsxwdwlrqdoo|
lqwudfwdeoh1 Lq idfw/ Urwknrsi hw do1 +4<<;, vkrz wkh zlqqhu ghwhuplqdwlrq
sureohp wr eh QS0kdug1 Dovr/ elgglqj lq wkh fdvh ri frpelqdwruldo elgv lv
frpsolfdwhg iru wkh elgghuv1 Iru lqvwdqfh/ lq wkh Gxwfk GFV04;33 dxfwlrq/
d elgghu kdv wkh srvvlelolw| wr vxeplw elgv rq doo 2H    2Dfcfff srvvleoh
frpelqdwlrqv ri olfhqvhv$
Vhyhudo sdshuv ri Urehuw Urvhqwkdo dqg fr0dxwkruv duh forvho| uhodwhg
wr rxuv1 Nulvkqd dqg Urvhqwkdo +4<<9,/ dqg Urvhqwkdo dqg Zdqj +4<<9,
dqdo|}h pxowlsoh remhfw dxfwlrqv zlwk wzr w|shv ri elgghuv/ qdpho| orfdo
elgghuv zkr duh lqwhuhvwhg lq rqo| rqh remhfw/ dqg joredo elgghuv zkr wu|
wr dftxluh vhyhudo1 Wkh joredo elgghuv/ lq frpshwlwlrq zlwk wkh orfdo rqhv/
idfh wkh h{srvxuh sureohp zkhq dwwhpswlqj wr uhdol}h v|qhujlhv ehwzhhq wkh
remhfwv1 Wkh htxloleulxp rxwfrph ri wkh dxfwlrq lv w|slfdoo| qrw h!flhqw1
V}hqwhv dqg Urvhqwkdo +5334d/ 5334e, frqvwuxfw htxloleuld lq wkh uvw0sulfh
vhdohg0elg/ wkh vhfrqg0sulfh vhdohg0elg/ dqg wkh doo0sd| yhuvlrq ri FVD zlwk
frpsohwh lqirupdwlrq1 Wkh ydoxh ri d exqgoh ri fkrsvwlfnv lv wkh vdph iru
hdfk elgghu1 Lq htxloleulxp/ wkhvh dxfwlrqv duh h!flhqw1 Wkh prvw lpsruwdqw
glhuhqw ehwzhhq Urvhqwkdo*v vwxglhv dqg rxuv lv wkdw doo phqwlrqhg sdshuv
frqvlghu rqh vkrw dxfwlrqv/ zkhuhdv FVD lv dq dvfhqglqj dxfwlrq/ dv duh wkh
SFV dxfwlrqv lq wkh XV dqg wkh GFV04;33 dxfwlrq lq wkh Qhwkhuodqgv1
Vrph rwkhu sdshuv lq wkh olwhudwxuh rq pxowlsoh remhfw dxfwlrqv duh uhodwhg
wr rxuv dv zhoo1 E|nrzvn| hw do1 +4<<;, jlyhv dq looxvwudwlyh h{dpsoh lq zklfk
lq htxloleulxp wkh dxfwlrq rxwfrph lv hlwkhu lqh!flhqw/ ru dw ohdvw rqh ri wkh
elgghuv hqgv xs sd|lqj pruh iru wkh sxufkdvhg lwhpv wkdq wkh| duh zruwk wr
<khu1 Dxvxeho dqg Fudpwrq +4<<;, vwuhvv wkh lpsruwdqfh ri h!flhqf| ri wkh
dxfwlrq rxwfrph lq whupv ri uhyhqxhv iru wkh vhoohu lq dxfwlrqv ri shuihfwo|
glylvleoh remhfwv1 Dxvxeho dqg Fudpwrq +4<<<, vkrz wkdw h!flhqf| ri wkh
dxfwlrq rxwfrph lv qhfhvvdu| iru uhyhqxh pd{lpl}dwlrq zkhq wkh dxfwlrq lv
iroorzhg e| d shuihfw uhvdoh pdunhw dqg zkhq wkh vhoohu fdqqrw frpplw wr
qrw vhoolqj vrph remhfwv1 Plojurp +5333, frqvwuxfwv dq h{dpsoh lq zklfk/ lq
frqwudvw wr rxu uhvxowv/ wkh vhoohu uhdol}hv d ohvv h!flhqw rxwfrph zkhq xvlqj
odujhu sdfndjhv +exw jhwv d kljkhu uhyhqxh,1 Nohpshuhu +5334, olvwv lvvxhv wkdw
duh ri sudfwlfdo lpsruwdqfh lq wkh ghvljq ri pxowlsoh remhfw dxfwlrqv1 Wkh
uhvxowv ghulyhg lq wklv sdshu lqglfdwh wkdw wkh zduqlqj dyrlg wkh h{srvxuh
sureohp vkrxog eh dgghg wr wklv olvw1
5 Wkh prgho
Frqvlghu d vlwxdwlrq zlwk ? elgghuv/ ? 5 i2cj/ odehohg cc?/ zkr zlvk wr
hdw Fklqhvh irrg1 Krzhyhu/ qrqh ri wkh elgghuv kdv dq|wklqj wr hdw zlwk1
Vxssrvh wkdw d vhoohu vhoov 6 fkrsvwlfnv lq wkh Fkrsvwlfn Dxfwlrq4< +FVD,
zklfk kdv wkh iroorzlqj uxohv1 Wkh sulfh vwduwv dw }hur/ dqg lv frqwlqxrxvo|
udlvhg1 Elgghuv kdyh wkh rssruwxqlw| wr txlw wkh dxfwlrq dw dq| sulfh wkh|
ghvluh1 Wkh vhoohu lqirupv doo uhpdlqlqj elgghuv zkhq rqh ri wkh elgghuv txlw1
Wkh dxfwlrq hqgv zkhq rqh elgghu lv ohiw/ zkr zlqv wzr fkrsvwlfnv/ dqg sd|v
wzr wlphv wkh sulfh dw zklfk wkh vhfrqg kljkhvw elgghu txlwv1 Wkh vhfrqg
4<Wkh fuhglw iru wkh qdph ri wklv dxfwlrq jdph jrhv wr Pdu| Oxfnlqj0Uhloh|1 Wkdqnv
wr Edodv} V}hqwhv dqg Urehuw Urvhqwkdo iru srlqwlqj wklv rxw wr ph1
43kljkhvw elgghu zlqv rqh fkrsvwlfn dqg sd|v wkh sulfh dw zklfk vkh txlwv153
Zh zloo frpsduh FVD zlwk wkh vhfrqg0sulfh vhdohg elg dxfwlrq lq zklfk wkh
wkuhh fkrsvwlfnv duh vrog dv rqh exqgoh +VSVE,1






r ' fc/ +4,
zkhuh  lv d sulydwh vljqdo ri elgghu 1 Lq zrugv/ d elgghu dwwdfkhv d ydoxh
ri  wr zlqqlqj wzr fkrsvwlfnv/ dqg qr ydoxh wr zlqqlqj rqo| rqh fkrsvwlfn
ru wr zlqqlqj d wklug rqh1 Zh dvvxph wkdw  lv gudzq lqghshqghqwo| iurp
wkh rwkhu vljqdov iurp wkh lqwhuydo dco/ zlwk f   	 / dffruglqj wr
d vwulfwo| lqfuhdvlqj/ frqwlqxrxv suredelolw| glvwulexwlrq 8E zlwk ghqvlw|
sE  8
E1 Vrphwlphv zh zloo wdnh wkh vlpsoli|lqj dvvxpswlrq wkdw elgghuv
gudz wkhlu vljqdo iurp wkh vdph glvwulexwlrq1
Hdfk elgghu lv dq h{shfwhg xwlolw| pd{lpl}hu1 Wkh xwlolw| iru elgghu 
zkr ex|v d vhw ri fkrsvwlfnv zklfk jlyhv khu ydoxh T iru d sulfh ri R lv jlyhq
e| LET  R1 Iru hyhu| / L lv dvvxphg wr eh d frqwlqxrxv ixqfwlrq zklfk
lv vwulfwo| lqfuhdvlqj/ zlwk LEf ' f1 Iru wkh vdnh ri wudfwdelolw|/ zh dvvxph
lq Vhfwlrq 6 wkdw wkh elgghuv duh hlwkhu ulvn qhxwudo +l1h1/ LE% ' % iru doo %,
ru orvv dyhuvh/ zklfk zloo eh ghqhg odwhu1 Lq Vhfwlrq 7/ zh xvh jhqhudo xwlolw|
53Lq wklv dxfwlrq/ wlhv duh eurnhq dv iroorzv1 Lq fdvh ri wzr +uhpdlqlqj, elgghuv/ zkhq d
wlh wdnhv sodfh dw d sulfh ri s/ d idlu frlq lv wrvvhg1 Li wdlov frphv xs/ wkh elgghu zlwk wkh
orzhvw odeho zlqv wzr fkrsvwlfnv iru d sulfh ri 5s/ dqg wkh rwkhu elgghu zlqv rqh fkrsvwlfn
iru d sulfh ri s1 Li khdgv frph xs/ wkh rxwfrph lv uhyhuvhg1 Zkhq wkh dxfwlrq lv sod|hg
e| wkuhh elgghuv/ lq wkh uvw vwdjh/ hlwkhu wzr ru wkuhh elgghuv pd| ghflgh wr vwhs rxw dw
wkh vdph sulfh ri s1 Lq hlwkhu fdvh/ wkh jdph hqgv lpphgldwho|1 Zkhq wzr elgghuv vwhs
rxw/ wkhq wkh wklug elgghu jhwv wzr fkrsvwlfnv iru d sulfh ri 5s1 Zlwk 83083 suredelolw|/
rqh ri wkh rwkhu elgghuv lv dzdughg rqh fkrsvwlfn iru d sulfh ri s1 Zkhq doo wkuhh elgghuv
ghflgh wr vwhs rxw dw s/ wkh elgghuv* odehov duh udqgrpo| rughqhg lq vxfk d zd| wkdw hdfk
rughulqj lv htxdoo| olnho|1 Wkh uvw elgghu wkhq jhwv wzr fkrsvwlfnv iru d sulfh ri 5s/ dqg
wkh vhfrqg rqh iru d sulfh ri s1 Wkh wklug qhlwkhu jhwv qru sd|v dq|wklqj1
44ixqfwlrqv1
Lq FVD/ wkhuh lv rqh zlqqhu/ wkh elgghu zkr zlqv erwk fkrsvwlfnv/ dqg
rqh uhdo orvhu/ zklfk lv wkh elgghu zkr ex|v rqh zruwkohvv fkrsvwlfn iru d
srvlwlyh sulfh1 Wdeoh 7 vkrzv wkh hhfw ri wkh txlwwlqj rughu rq wkh xwlolw|
ohyhov ri wkh elgghuv lq wkh fdvh ri wkuhh elgghuv/ zkhq wkh sulfh ri d fkrsvwlfn
lv htxdo wr R1 Iurp Wdeoh 7/ lw ehfrphv fohdu wkdw FVD fdq dovr eh vhhq dv
dq Hqjolvk dxfwlrq/ lq zklfk wkh zlqqhu sd|v wkh elg ri wkh vhfrqg kljkhvw
elgghu/ dqg wkh vhfrqg kljkhvw elgghu sd|v kdoi ri khu rzq elg1
Elgghu Txlwv & Fkrsvwlfnv zrq Sd|phqw Xwlolw|
 Iluvw 3 3 LEf ' f
 Vhfrqg 4 R LER
& Wklug 5 2R L&E&  2R
Wdeoh 71 Srvvleoh rxwfrphv ri FVD1
Zh dvvxph wkdw wkh vhoohu dlpv dw uhdfklqj wkh iroorzlqj wzr jrdov1
H!flhqf|= Jhqhudwh dq h!flhqw rxwfrph/ l1h1/ wkh elgghu zlwk wkh kljkhvw
vljqdo rewdlqv wzr fkrsvwlfnv>
Uhyhqxh= Jlyhq wkdw H!flhqf| lv ixooohg/ pd{lpl}h h{shfwhg dxfwlrq
uhyhqxh1
6 Wzr elgghuv
Frqvlghu FVD zlwk wzr elgghuv1 Wkh jdph hqgv lpphgldwho| zkhq rqh ri
wkh elgghuv lqglfdwhv wr txlw1 Wkhuhiruh/ wkh vwudwhj| ri d elgghu lv d elg lq
45wkh lqwhuydo dfc4 iru hdfk uhdol}dwlrq ri khu vljqdo1
614 Ulvn qhxwudo elgghuv
Lq rughu wr nhhs wkh prgho wudfwdeoh/ zh uhvwulfw rxu dwwhqwlrq wr lghqwlfdo
glvwulexwlrqv/ l1h1/ erwk elgghuv gudz wkhlu vljqdo iurp wkh vdph glvwulexwlrq
8  8 ' 821
Sursrvlwlrq 4 jlyhv htxloleulxp elgglqj lq FVD zkhq erwk elgghuv duh
ulvn qhxwudo1 E| d vwdqgdug dujxphqw/ wklv elg ixqfwlrq pxvw eh vwulfwo|
lqfuhdvlqj dqg frqwlqxrxv1 Ohw LEc eh wkh xwlolw| iru d elgghu zlwk vljqdo
 zkr ehkdyhv dv li vkh kdv vljqdo / zkhuhdv wkh rwkhu elgghuv sod| dffruglqj




dw  ' 1 Iurp wklv frqglwlrq/ d glhuhqwldo htxdwlrq lv ghulyhg/ iurp zklfk
wkh htxloleulxp elg ixqfwlrq lv xqltxho| ghwhuplqhg1
Sursrvlwlrq 4 Ohw ? ' 21 Vxssrvh erwk elgghuv duh ulvn qhxwudo/ dqg gudz
wkhlu vljqdov iurp wkh vdph glvwulexwlrq ixqfwlrq 81 Ohw E/ wkh elg ri d
elgghu zlwk vljqdo / eh jlyhq e|





Wkhq  lv wkh xqltxh v|pphwulf Ed|hvldq Qdvk htxloleulxp ri FVD1 Wkh
rxwfrph ri wkh dxfwlrq lv h!flhqw1
Surri1 Wkh iroorzlqj revhuydwlrqv lpso| wkdw d v|pphwulf htxloleulxp
elg ixqfwlrq pxvw eh vwulfwo| lqfuhdvlqj1 Iluvw/ d kljkhu0ydoxh w|sh ri d elgghu
46fdqqrw h{lw ehiruh d orzhu0ydoxh w|sh ri wkh vdph elgghu zrxog h{lw1 +Vxssrvh
wkh orzhu w|sh lv lqglhuhqw ehwzhhq wzr glhuhqw vwudwhjlhv/ jlylqj khu wzr
glhuhqw suredelolwlhv ri ehlqj wkh xowlpdwh zlqqhu ri wzr fkrsvwlfnv1 Wkh
kljkhu w|sh wkhq vwulfwo| suhihuv wkh vwudwhj| zlwk wkh kljkhu suredelolw| wr
zlq1 Wkhuhiruh/ vkh zloo qhyhu txlw hduolhu wkdq wkh orzhu w|sh1, Ixuwkhupruh/
wkhuh lv qr udqjh lq zklfk wkh elg ixqfwlrq lv  dw1 +Vxssrvh wkhuh lv wkh elg
ixqfwlrq lv  dw dw d sulfh ohyho ri R1 Wkhq hdfk elgghu ehlqj lq wkh udqjh ri
vljqdov wkdw elg R h{lwv wkh dxfwlrq zlwk srvlwlyh suredelolw| dw R1 Exw li wklv
lv wkh fdvh/ wkhq hdfk elgghu vwulfwo| suhihuv vwd|lqj mxvw d elw orqjhu1,
Ohw   eh d v|pphwulf dqg vwulfwo| lqfuhdvlqj htxloleulxp elg ixqfwlrq1 Li
wkh rwkhu elgghu elgv dffruglqj wr  / wkh h{shfwhg xwlolw| ri d elgghu zlwk
vljqdo  zkr elgv dv li vkh kdv vljqdo  lv jlyhq e|
LEc ' E  8E   E n
 ]

sE%E  2   E%_%
Wkh uvw +vhfrqg, whup ri wkh UKV uhihuv wr wkh fdvh wkdw wkh elgghu pdnhv
wkh vhfrqg kljkhvw +kljkhvw, elg1
Wkh IRF ri wkh htxloleulxp lv
YLEc
Y
' E  8E  
 E  sE   E n sE ' f +5,
dw  ' 1 Uhduudqjlqj whupv zh qg
E  8E   E n sE   E
E  8E2 '
sE
E  8E2/







E  8E%2_% n c
47iru vrph 1  pxvw eh }hur + pxvw eh dw ohdvw }hur/ rwkhuzlvh d elgghu
zlwk vljqdo  vxeplwv d qhjdwlyh elg> li  lv odujhu wkdq }hur/ d elgghu zlwk
vljqdo  vxeplwv d vwulfwo| srvlwlyh elg1 Dv   lv +e| dvvxpswlrq, vwulfwo|
lqfuhdvlqj/ wklv elgghu vxeplwv wkh orzhvw elg zlwk suredelolw| rqh/ dqg kdv
wr ex| rqh fkrsvwlfn iru d srvlwlyh sulfh1 Fohduo|/ vkh lv vwulfwo| ehwwhu r e|
elgglqj }hur1, Dovr wkh VRF lv ixooohg dv r}?E
YLEc
Y  ' r}?E  1 Lw lv
uhdglo| fkhfnhg wkdw  lv d vroxwlrq1
Zkdw uhpdlqv wr eh fkhfnhg lw wkdw  lv vwulfwo| lqfuhdvlqj1 Iurp +5,/ 
lv vwulfwo| lqfuhdvlqj li dqg rqo| li E 	  iru +doprvw, doo 1 Wklv lv wuxh/
dv
















Dv  lv vwulfwo| lqfuhdvlqj/ FVD lv h!flhqw1
Wkh xqltxhqhvv ri wkh htxloleulxp iroorzv zlwk wkh Uhyhqxh Htxlydohqfh
Wkhruhp zklfk vwdwhv wkdw wkh h{shfwhg sd|phqw pdgh e| dq| elgghu jlyhq
khu vljqdo lv xqltxh e| wkh h!flhqf| ri wkh rxwfrph dqg wkh xwlolw| ri wkh
orzhvw w|sh1 Dv wkh htxloleulxp elg ixqfwlrq lv vwulfwo| lqfuhdvlqj/ dqg wkh
xwlolw| ri wkh orzhvw w|sh lv dozd|v }hur lq dq h!flhqw htxloleulxp/  lv wkh
xqltxh htxloleulxp elg ixqfwlrq1
Xvlqj FVD/ wkh vhoohu uhdfkhv erwk klv jrdov H!flhqf| dqg Uhyhqxh1 E|
wkh Uhyhqxh Htxlydohqfh Wkhruhp +P|huvrq/ 4<;4,/ FVD |lhogv wkh vdph h{0
shfwhg uhyhqxh dv dq| rwkhu h!flhqw dxfwlrq phfkdqlvp lq zklfk wkh elgghu
48zlwk wkh orzhvw vljqdo rewdlqv }hur h{shfwhg xwlolw|1 Wklv iroorzv iurp wkh
idfw wkdw FVD lv dq dxfwlrq ri d vlqjoh remhfw/ qdpho| d vhw ri wzr fkrsvwlfnv/
zklfk lv doorfdwhg h!flhqwo| dffruglqj wr Sursrvlwlrq 41 Wkhuhiruh/ wkhuh lv
qr h!flhqw dxfwlrq wkdw fdq lpsuryh wkh uhyhqxhv iru wkh vhoohu lq frpsdul0
vrq zlwk FVD/ vr wkdw wkh vhoohu uhdfkhv erwk H!flhqf| dqg Uhyhqxh1 Pruh
vshflfdoo|/ wkh vhoohu lv lqglhuhqw ehwzhhq xvlqj FVD dqg VSVE wr vhoo wkh
wkuhh fkrsvwlfnv1
Fruroodu| 5 Ohw ? ' 21 Vxssrvh erwk elgghuv duh ulvn qhxwudo/ dqg gudz
wkhlu vljqdov iurp wkh vdph glvwulexwlrq ixqfwlrq1 Zkhq wkh vhoohu xvhv hlwkhu
FVD ru VSVE/ wkhq klv jrdov H!flhqf| dqg Uhyhqxh duh ixooohg1
615 Orvv dyhuvh elgghuv
Zkdw lv wkh hhfw rq wkh rxwfrph ri FVD zkhq elgghuv duh orvv dyhuvh udwkhu
wkdq ulvn qhxwudoB Zh prgho orvv dyhuvlrq lq wkh iroorzlqj vlpsolhg zd|1
Elgghu  lv fdoohg w0orvv dyhuvh li khu xwlolw| ixqfwlrq LE lv jlyhq e|
LE% ' % iru doo %  f
LE% ' w% iru doo % 	 fc
zkhuh w :  lv wkh orvv dyhuvlrq sdudphwhu iru elgghu 1 Wkh lqwhusuhwdwlrq
ri w0orvv dyhuvlrq lv wkh iroorzlqj1 Li d w0orvv dyhuvh elgghu orvhv % xqlwv/
wkhq vkh shufhlyhv wklv dv li vkh zhuh d ulvn qhxwudo elgghu orvlqj w% xqlwv1
Pruh vshflfdoo|/ wkh uhdol}hg xwlolw|  iurp FVD iru elgghu  kdylqj vljqdo









li r ' 2 dqg   2R/
li r ' 2 dqg  	 2R/
li r ' 
Sursrvlwlrq 6 hvwdeolvkhv wkdw wkh vhoohu vwulfwo| suhihuv VSVE ryhu FVD1
Dv VSVE kdv hq h!flhqw rxwfrph/ wklv dxfwlrq ixooov H!flhqf|1 Wkhuh duh
wzr srvvlelolwlhv wkdw kdyh wr eh fkhfnhg1 Li lv FVD qrw h!flhqw/ wkhq wkh
Sursrvlwlrq lv lpphgldwho| hvwdeolvkhg/ dv wkh wdujhwv ri h!flhqf| dqg uhy0
hqxh pd{lpl}dwlrq duh oh{lfrjudsklfdoo| rughqhg1 Li FVD lv h!flhqw/ wkhq
lw uhpdlqv wr eh fkhfnhg wkdw VSVE |lhogv vwulfwo| pruh uhyhqxh wkdq FVD1
Xvlqj wkh Hqyhorsh Wkhruhp/ zh vkrz wkdw wkh h{shfwhg xwlolw| iru hdfk elg0
ghu  jlyhq khu vljqdo  lv kljkhu wkdq lq VSVE/ zklfk lpsolhv wkdw h{shfwhg
sd|phqwv lq FVD duh orzhu wkdq lq VSVE1
Sursrvlwlrq 6 Vxssrvh wkdw hdfk elgghu  lv w0orvv dyhuvh1 Wkh vhoohu zkr
dlpv dw ixooolqj wkh fulwhuld H!flhqf| dqg Uhyhqxh lv vwulfwo| ehwwhu r
uhsodflqj FVD zlwk VSVE1
Surri1 Dv VSVE kdv dq htxloleulxp lq zhdno| grplqdwhg vwudwhjlhv/ lq
zklfk hdfk elgghuv elgv khu ydoxh iru wkh exqgoh ri wkuhh fkrsvwlfnv/ wkh
rxwfrph ri VSVE lv h!flhqw/ vr wkdw H!flhqf| lv ixooohg1 P|huvrq +4<;4,








zlwk E% wkh suredelolw| wkdw % lv wkh kljkhvw vljqdo1
Ohw ERcB ghqrwh wkh rxwfrph ri FVD iru elgghu / zkhuh R lv khu sd|0
phqw/ B '  li vkh zlqv wzr fkrsvwlfnv dqg B ' f li vkh zlqv 3 ru 4 fkrsvwlfn1
4:Ohw _ERccB eh wkh glhuhqfh ehwzhhq wkh uhdol}hg ydoxh lq FVD +l1h1/ B,
dqg wkh uhdol}hg xwlolw| ohyho iru elgghu  kdylqj vljqdo  dqg orvv dyhuvlrq







wR  Ew  
li B ' f/
li B '  dqg R  /
li B '  dqg R : 1
Fdoo _ERccB wkh vxemhfwlyh frvwv iru elgghu 1 Revhuyh wkdw _ERccB 
R +wkh vxemhfwlyh frvwv duh kljkhu wkdq wkh dfwxdo sd|phqwv,/ dqg wkdw
_ERccB lv +zhdno|, ghfuhdvlqj lq 1 Ohw (Ec ghqrwh wkh h{shfwhg
ydoxh ri _ERccB iru elgghu  zlwk vljqdo / zkr elgv dv li vkh kdv vljqdo /
zkloh doo wkh rwkhu elgghuv sod| dffruglqj wr wkhlu Ed|hvldq0Qdvk htxloleulxp
vwudwhj|1
Vxssrvh wkdw iru FVD/ H!flhqf| krogv +rwkhuzlvh VSVE lv douhdg| ehw0
whu,1 Wkhq wkh htxloleulxp suredelolw| iru d elgghu zlwk vljqdo  wr zlq lq
wkh dxfwlrq lv jlyhq e| E1 Jlyhq wkh htxloleulxp vwudwhjlhv ri wkh rwkhu
elgghuv/ d elgghu rswlpdoo| dqqrxqfhv khu wuxh vljqdo / pd{lpl}lqj
LEc  E  (Ec
zlwk uhvshfw wr 1 Ohw
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Ec ghqrwhv wkh ghulydwlyh ri (Ec zlwk uhvshfw wr lwv vhfrqg
dujxphqw1 E| ghqlwlrq/ (2















vr wkdw wkh lqwhulp xwlolw| ri elgghu  lq FVD lv +zhdno|, kljkhu wkdq lq
VSVE1 Wklv lpsolhv wkdw wkh h{shfwhg vxemhfwlyh frvwv lq wkh FVD ri elgghu
 duh +zhdno|, orzhu wkdq wkh h{shfwhg sd|phqwv lq VSVE1 H!flhqf| lpsolhv
wkdw wkhuh lv dozd|v d elgghu zkr ex|v rqh fkrsvwlfn iru d vwulfwo| srvlwlyh
sulfh/ vr wkdw wkh h{shfwhg sd|phqwv wr wkh vhoohu duh vwulfwo| orzhu wkdq wkh
h{shfwhg vxemhfwlyh frvwv1 Wkhuhiruh/ wkh h{shfwhg uhyhqxh ri FVD lv vwulfwo|
orzhu wkdq wkh h{shfwhg uhyhqxh ri VSVE1
Sursrvlwlrq 6 lv lqwxlwlyh lq wkh oljkw ri wkh Uhyhqxh Htxlydohqfh Wkhruhp1
Lq FVD/ orvv dyhuvh elgghuv elg wkh vdph dv ulvn qhxwudo elgghuv zkr sd| wK
zkhq wkhlu elg K lv wkh vhfrqg kljkhvw elg1 E| wkh Uhyhqxh Htxlydohqfh
Wkhruhp/ lq wkh fdvh ri h!flhqf|/ wkh h{shfwhg sd|phqw ri ulvn qhxwudo
elgghuv wr wkh vhoohu grhv qrw ghshqg rq w1 Orvv dyhuvh elgghuv/ krzhyhu/
rqo| sd| wkhlu elg K udwkhu wkdq wK lq wkh fdvh wkh| orvh/ vr wkdw wkh| sd|
ohvv wkdq wkhlu ulvn qhxwudo htxlydohqwv1 Wkhuhiruh/ wkh vhoohu lv ehwwhu r li
kh fkrrvhv dq h!flhqw dxfwlrq lq zklfk wkh elgghu fdqqrw lqfxu orvvhv/ vxfk
dv VSVE154
54Lq Sursrvlwlrq 6/ FVD fdq eh uhsodfhg e| dq| dxfwlrq lq zklfk wkh orvlqj elgghu kdv
wr sd|/ vxfk dv wkh doo0sd| dxfwlrq1 Wklv lv wuxh/ dv wkh rqo| surshuw| ri wkh Fkrsvwlfn
Dxfwlrq wkdw lv xvhg lq wkh surri lv wkh idfw wkdw wkh orvlqj elgghu kdv wr sd|1 Dovr/ wklv
uhvxow krogv lq wkh fdvh ri wkuhh ru pruh elgghuv1
4<7 Wkuhh elgghuv
Lq wkh fdvh ri wkuhh elgghuv/ FVD frqvlvwv ri wzr vwdjhv1 Lq vwdjh 4/ hdfk
elgghu ghflghv dw zklfk srlqw wr ohdyh wkh dxfwlrq1 Dw vrph srlqw lq wlph/
rqh ri wkh elgghuv ohdyhv wkh dxfwlrq/ dqg wkh wzr uhpdlqlqj elgghuv hqwhu
vwdjh 51 Lq vwdjh 5/ erwk uhpdlqlqj elgghuv kdyh wr pdnh d ghflvlrq derxw
krz orqj wr vwd|/ jlyhq wkh sulfh dw zklfk wkh rwkhu elgghu ohiw1
D v|pphwulf Ed|hvldq Qdvk htxloleulxp lv d Ed|hvldq Qdvk htxloleulxp/
lq zklfk elgghuv zlwk wkh vdph ydoxh sod| wkh vdph vwudwhj|1 Sursrvlwlrq
7 hvwdeolvkhv wkdw d v|pphwulf Ed|hvldq Qdvk htxloleulxp fdqqrw h{lvw1 Zh
suryh wklv e| frqwudglfwlrq1 Vxssrvh wkdw d v|pphwulf htxloleulxp h{lvwv1
Wkhq/ e| d vwdqgdug dujxphqw/ lq erwk vwdjhv/ d elgghu zlwk d orz ydoxh
pxvw vwhs rxw hduolhu wkdq d elgghu zlwk d kljk ydoxh1 Ohw elgghuv 5 dqg
6 vwhs rxw dffruglqj wr wkh vdph vwulfwo| lqfuhdvlqj elg ixqfwlrq lq vwdjh 41
Wkhq elgghu 4 suhihuv qrw wr elg dffruglqj wr wklv elg ixqfwlrq1 Lqwxlwlyho|/
wklv fdq eh vhhq dv iroorzv1 Vxssrvh wkdw wkh sulfh dssurdfkhv wkh elg dw
zklfk wkh rwkhu elgghuv zrxog vwhs rxw jlyhq wkdw wkh| kdyh wkh vdph ydoxh
dv elgghu 41 Elgghu 4 nqrzv wkdw li rqh ri wkh rwkhu elgghuv vwhsv rxw hduolhu
wkdq khu/ wkhq wkhuh lv d kljk suredelolw| wkdw vkh hqwhuv vwdjh 5 kdylqj wkh
orzhvw ydoxh1 Dv dovr wkh elg ixqfwlrq lq wkh vhfrqg vwdjh lv vwulfwo| lqfuhdvlqj
lq ydoxh/ zlwk kljk suredelolw|/ elgghu 4 lv wkh vhfrqg kljkhvw elgghu1 Lq wkdw
fdvh/ vkh zlqv rqo| rqh fkrsvwlfn iru d srvlwlyh sulfh/ vr wkdw vkh pdnhv d orvv1
Wkhuhiruh/ elgghu 4 suhihuv wr ghyldwh wr d orzhu elg/ zklfk lv d frqwudglfwlrq
wr wkh dvvxpswlrq wkdw wkh htxloleulxp lv v|pphwulf1
Sursrvlwlrq 7 Ohw ? ' 1 Wkhq FVD kdv qr v|pphwulf Ed|hvldq Qdvk
53htxloleulxp1
Surri1 Vxssrvh/ lq frqwudvw/ wkdw d v|pphwulf htxloleulxp h{lvwv1 Wkhq/
iru erwk vwdjhv/ wkh htxloleulxp elg ixqfwlrq pxvw eh vwulfwo| lqfuhdvlqj1 Lw
pxvw eh zhdno| lqfuhdvlqj e| wkh vdph dujxphqw dv xvhg lq wkh surri ri
Sursrvlwlrq 41 Dovr/ qr srrolqj fdq rffxu lq htxloleulxp1 +Vxssrvh lqvwhdg
wkdw wkhuh lv vrph srrolqj dw d sulfh R1 Wkhq dw ohdvw rqh ri wkh wzr iroorzlqj
vlwxdwlrqv rffxu1 Hlwkhu wkh elgghu dw wkh orzhu hqg ri wkh lqwhuydo ri elgghuv
zkr elg R pdnhv d orvv dw R/ vr wkdw vkh lv ehwwhu r e| ghyldwlqj wr d orzhu
sulfh1 Ru wkh zlqqhu dw wkh xsshu hqg ri wkh lqwhuydo jhwv d vwulfwo| srvlwlyh
h{shfwhg xwlolw|/ exw wkhq vkh fdq vwulfwo| lpsuryh e| elgglqj voljkwo| kljkhu1,
Krzhyhu/ lq wkh uvw vwdjh/ elgghu4 suhihuv wr ghyldwh li erwk rwkhu elgghuv
vxeplw elgv dffruglqj wr d vwulfwo| lqfuhdvlqj elg ixqfwlrq1 Ohw  ghqrwh
wkh htxloleulxp elg ixqfwlrq lq wkh uvw vwdjh1 Vxssrvh wkdw wkh dxfwlrq
uhdfkhv d sulfh E  " ehiruh dq|erg| txlwv1 Wkhq/ elgghu 4 jhwv }hur
xwlolw| zkhq vkh txlwv dw wklv srlqw1 Lq wkh hyhqw wkdw rqh dqg rqo| rqh ri
wkh rwkhu elgghuv kdv d vljqdo lq wkh lqwhuydo d  "co/ elgghu 4 kdv wkh
vhfrqg kljkhvw vljqdo/ dqg vkh zloo zlq 4 +zruwkohvv, fkrsvwlfn iru d sulfh ri
dw ohdvw E"1 Lq wkh hyhqw wkdw erwk elgghuv kdyh d vljqdo lq wkh lqwhuydo
d  "co/ elgghu 4 zlqv erwk fkrsvwlfnv1 Wkh uvw hyhqw kdsshqv zlwk d
suredelolw| zklfk lv ri wkh rughu "/ dqg wkh vhfrqg hyhqw zlwk d suredelolw|
ri wkh rughu "2/ vr wkdw elgghu 4 vwulfwo| suhihuv qrw wr elg E/ exw wr vwhs
rxw hduolhu1 Wkhuhiruh/ d v|pphwulf htxloleulxp grhv qrw h{lvw1
Lq wkh fdvh wkdw doo elgghuv duh ulvn qhxwudo/ dqg gudz wkhlu vljqdov iurp
wkh vdph glvwulexwlrq/ Sursrvlwlrq 7 fdq dovr eh ghulyhg zlwk wkh Uhyhqxh
54Htxlydohqfh Wkhruhp1 Vxssrvh d v|pphwulf htxloleulxp h{lvwv1 Lw lv vkrzq
lq wkh surri ri Sursrvlwlrq 7 wkdw wklv htxloleulxp lv qhfhvvdulo| h!flhqw/
lpso|lqj wkdw wkh h{shfwhg sd|phqw e| wkh elgghuv zlwk wkh wzr kljkhvw
vljqdov lq vwdjh 5 lv htxdo wr wkh h{shfwhg sd|phqw lq VSVE/ qdpho| wkh
h{shfwdwlrq ri wkh vhfrqg0kljkhvw vljqdo/ E21 Zkhq wzr elgghuv hqwhu vwdjh
5/ wkh| duh douhdg| vxuh wkdw wkh| kdyh wr sd| dw ohdvw wkh sulfh uhdfkhg
lq vwdjh 4/ vr wkdw wklv sd|phqw fdq eh frqvlghuhg dv vxqn frvwv1 Vwdjh 5/
zlwk wkh elgghuv zkr kdyh wkh wzr kljkhvw vljqdov/ lv dovr uhyhqxh htxlydohqw
zlwk VSVE zlwk wkhvh wzr elgghuv/ vr wkdw wkh h{shfwhg sd|phqw e| wkh
wzr kljkhvw elgghuv deryh wkh vxqn frvwv lv djdlq jlyhq e| wkh h{shfwdwlrq
ri wkh vhfrqg kljkhvw ydoxh/ l1h1/ E21 Khqfh/ wkh frvwv wkh elgghuv frpplw
wkhpvhoyhv wr lq vwdjh 4 vkrxog eh htxdo wr 31 Wklv lpsolhv wkdw dq h!flhqw
htxloleulxp zloo eh fkdudfwhul}hg e| dq lpphgldwh gurs0rxw ri wkh elgghu
zlwk wkh orzhvw vljqdo1 Wkhuhiruh/ lq vwdjh 4/ htxloleulxp elgv vkrxog eh
htxdo wr 31 Exw wklv fdqqrw kdsshq lq htxloleulxp/ dv dq| elgghu lv ehwwhu
r e| zdlwlqj d elw orqjhu1
Dq dv|pphwulf htxloleulxp ri FVD lv hdvlo| irxqg/ qdpho| zkhq rqh
elgghu ghflghv wr dozd|v vwd| lq wkh dxfwlrq/ qr pdwwhu zkdw wkh rwkhu elgghuv
gr/ dqg wkh rwkhu elgghuv vwhs rxw lpphgldwho|155 Li wkhvh vwudwhjlhv duh
sod|hg/ wkh dxfwlrq rxwfrph zloo eh yhu| lqh!flhqw/ dqg wkh uhyhqxh zloo eh
}hur1 Krzhyhu/ wklv w|sh ri htxloleulxp lqyroyhv d grplqdwhg vwudwhj|/ vr
wkdw lw lv yhu| xqolnho| wr eh sod|hg1
Wkh lpsrvvlelolw| uhvxow ri Sursrvlwlrq 7 vxjjhvwv wkdw wkh vhoohu lv ehwwhu
r zkhq kh uhsodfhv FVD zlwk VSVE1 Wkh qrqh{lvwhqfh ri v|pphwulf htxl0
55Dovr wkh vhfrqg0sulfh vhdohg0elg dxfwlrq kdv vxfk htxloleuld1
55oleuld lqglfdwhv wkdw FVD suredeo| kdv qr h!flhqw htxloleulxp hlwkhu1 Wklv
frqmhfwxuh lv edvhg rq wkh iroorzlqj frqvlghudwlrq1 Dv|pphwu| lpsolhv wkdw
li wkuhh elgghuv kdyh wkh vdph w|sh/ rqh ri wkhp vwhsv rxw vwulfwo| hduolhu
wkdq wkh rwkhu wzr1 Dvvxplqj frqwlqxrxv elg ixqfwlrqv/ wklv lpsolhv wkdw wkh
elgghu zkr vwhsv rxw uvw/ dovr vwhsv rxw hduolhu wkdq wkh rwkhu wzr elgghuv
zkhq wkh| kdyh voljkwo| orzhu ydoxhv/ vr wkdw wkh rxwfrph lv lqh!flhqw1 Wklv
uhdvrqlqj mxvwlhv wkh frqmhfwxuh wkdw VSVE lv vwulfwo| ehwwhu dffruglqj wr
wkh vhoohu*v jrdov1
Frqmhfwxuh 8 Ohw ? ' 1 Wkh vhoohu zkr dlpv dw ixooolqj wkh fulwhuld
H!flhqf| dqg Uhyhqxh lv vwulfwo| ehwwhu r uhsodflqj FVD zlwk VSVE1
8 Frqfoxglqj uhpdunv
Lq wklv sdshu/ zh kdyh vwxglhg wkh h{srvxuh sureohp lq pxowlsoh remhfw dxf0
wlrqv1 Zh kdyh irxqg lq doo wkh lqyhvwljdwhg vhwwlqjv wkdw d vhoohu zkr dlpv dw
h!flhqf| dqg kljk dxfwlrq uhyhqxhv +zhdno|, suhihuv wr vhoo wkh wkuhh fkrs0
vwlfnv dv rqh sdfndjh lq wkh vhfrqg0sulfh vhdohg0elg dxfwlrq +lq zklfk wkh
h{srvxuh sureohp lv qrw suhvhqw, ryhu vhoolqj wkhp xvlqj wkh Fkrsvwlfn Dxf0
wlrq +lq zklfk elgghuv idfh dq h{srvxuh sureohp,1 Zh frqfoxgh wkdw dyrlglqj
wkh h{srvxuh sureohp lv dq lpsruwdqw lvvxh lq dxfwlrq ghvljq1
Wkh uhvxowv iru wkh Fkrsvwlfn Dxfwlrq fdq eh vwudljkwiruzdugo| jhqhudo0
l}hg wr doorz iru u   remhfwv ehlqj vrog wr ?   elgghuv zkr qhhg   2
remhfwv1 Ohw `  e u
f 	 ? eh wkh pd{lpdo qxpehu ri zlqqhuv lq wkh
dxfwlrq1 Dvvxph wkhuh lv d vwulfwo| srvlwlyh qxpehu 7 ri vxshu xrxv remhfwv/
56l1h1/ 7  u  e u
f : f1 Wkh rxwfrph ri wkh dxfwlrq lv vxfk wkdw wkh `
kljkhvw elgghuv jhw wkh  remhfwv wkh| qhhg/ dqg E? n wk kljkhvw elgghu
kdv wr ex| dqg sd| iru wkh 7 vxshu xrxv orwv/ zklfk duh ri qr ydoxh wr khu1
Iru wkh fdvh ` ' ? n  uhvxowv dqdorjrxv wr Sursrvlwlrqv 4 dqg 6 fdq eh
ghulyhg xvlqj vlplodu dujxphqwv1 Li ` : ?n/ l1h1/ li wkhuh lv pruh wkdq rqh
elgghu zkr grhv qrw zlq lq wkh dxfwlrq/ wkhq/ dqdorjrxv wr Sursrvlwlrq 7/
wkh dxfwlrq kdv qr v|pphwulf htxloleuld1
Orvv dyhuvlrq/ zklfk zh dvvxphg iru Sursrvlwlrq 6/ vhhpv wr eh d uhdvrq0
deoh dvvxpswlrq iru elgghuv lq wkh Gxwfk GFV04;33 dxfwlrq1 Lq wklv dxfwlrq/
wkh elgghuv duh djhqwv wu|lqj wr zlq ydoxdeoh olfhqvhv iru wkhlu sulqflsdov/
wkh vkduhkroghuv ri wkh upv wkh| uhsuhvhqw1 Iru wkh djhqwv/ ohdylqj wkh dxf0
wlrq zlwk dq h{shqvlyh/ exw zruwkohvv/ vhw ri fkdqqhov kdv pruh lpsdfw rq
wkh qhjdwlyh vlgh +dv wkh| pd| orvh wkhlu mrev,/ wkdq kdv zlqqlqj d ydoxdeoh
vhw rq wkh srvlwlyh vlgh1
Lq wkh lqwurgxfwlrq ri wklv sdshu/ zh kdyh dujxhg wkdw lq wkh suhvhqfh
ri wkh h{srvxuh sureohp/ elgghuv udwkhu sod| wkh zdu ri dwwulwlrq wkdq d
vwdqgdug dxfwlrq jdph1 Lq idfw/ Exorz dqg Nohpshuhu +4<<<, irxqg d uhvxow
dqdorjrxv wr Sursrvlwlrq 7 iru wkh jhqhudol}hg zdu ri dwwulwlrq1 Wkh jhqhu0
dol}hg zdu ri dwwulwlrq lv d jdph lq zklfk ? elgghuv duh elgglqj iru 6+	?,
sul}hv lq d pxowlsoh remhfw exwwrq dxfwlrq1 Lq wklv dxfwlrq/ elgghuv gurs rxw
zkloh wkh sulfh lv ulvlqj/ xqwlo 6 elgghuv duh ohiw1 Wkrvh elgghuv zlq d sul}h/
dqg sd| wkh fxuuhqw sulfh1 Hdfk elgghu zkr gursv rxw hduolhu/ sd|v khu elg
soxv S wlphv wkh glhuhqfh ehwzhhq wkh qdo sulfh dqg khu elg1 Lq wkh olplw
+S $ f, ri wkh xqltxh h!flhqw htxloleulxp/ doo exw wkh 6n elgghuv zlwk wkh
kljkhvw vljqdov gurs rxw lpphgldwho|1 Krzhyhu/ wklv fdqqrw eh dq htxlole0
57ulxp lq wkh jdph zlwk S ' f/ dv elgghuv kdyh dq lqfhqwlyh wr ghyldwh/ dqg elg
mxvw deryh 31 Wkhuhiruh/ wkh jhqhudol}hg zdu ri dwwulwlrq kdv qr v|pphwulf
htxloleulxp1
Vhyhudo lvvxhv uhodwhg wr rxu prgho qhhg ixuwkhu lqyhvwljdwlrq1 Iru lq0
vwdqfh/ wkh hhfw ri doo uhpdlqlqj elgghuv ehlqj lqiruphg zkhq rqh ri wkh
elgghuv txlw lv qrw zhoo xqghuvwrrg1 Pruh vshflfdoo|/ grhv wkh Fkrsvwlfn
Dxfwlrq kdyh v|pphwulf htxloleuld li elgghuv zrxog qrw revhuyh hdfk rwkhu
ohdyh wkh dxfwlrqB Pruhryhu/ zh kdyh dvvxphg wkdw d elgghu grhv qrw dftxluh
dq| ydoxh zkhq vkh zlqv rqo| rqh fkrsvwlfn1 D txhvwlrq wkdw pd| eh lqwhu0
hvwlqj iru ixuwkhu uhvhdufk lv krz wkh dqdo|vlv zrxog fkdqjh li wkh pdujlqdo
ydoxh ri wkh uvw dqg wkh wklug fkrsvwlfn duh vwulfwo| srvlwlyh1 Ilqdoo|/ wkh
lpsrvvlelolw| uhvxow lq wkh fdvh ri wkuhh elgghuv lv qrw yhu| lqirupdwlyh derxw
htxloleulxp elgglqj1 D ixuwkhu vwxg| lv qhhghg wr jhw d ehwwhu xqghuvwdqg0
lqj derxw krz elgghuv ehkdyh lq wkh Fkrsvwlfn Dxfwlrq lq wkh fdvh ri wkuhh
elgghuv1
9 Uhihuhqfhv
Dxvxeho/ O1 P1/ dqg Fudpwrq/ S1 +4<<;,1 Ghpdqg Uhgxfwlrq dqg Lqh!0
flhqf| lq Pxowl0Xqlw Dxfwlrqv/ zrunlqj sdshu/ Xqlyhuvlw| ri Pdu|odqg1
Dxvxeho/ O1 P1/ dqg Fudpwrq/ S1 +4<<<,1 Wkh Rswlpdolw| ri Ehlqj
H!flhqw/ zrunlqj sdshu/ Xqlyhuvlw| ri Pdu|odqg1
Exorz/ M1/ dqg Nohpshuhu/ S1 +4<<<,1 Wkh Jhqhudol}hg Zdu ri Dwwulwlrq/
Dphu1 Hfrq1 Uhy1 ;</ 4:804;<1
E|nrzvn|/ P1/ Fxoo/ U1/ dqg Ohg|dug/ M1 +4<<;,1 Pxwxdoo| Ghvwuxfwlyh
58Elgglqj= Wkh IFF Dxfwlrq Ghvljq Sureohp/ zrunlqj sdshu/ Fdoliruqld
Lqvwlwxwh ri Whfkqrorj|1
Fudpwrq/ S1 F1 +4<<8,1 Prqh| Rxw ri Wklq Dlu= Wkh Qdwlrqzlgh Qdu0
urzedqg SFV Dxfwlrq/ M1 Hfrq1 Pdqdjh1 Vwudwhj| 5/ 59:06761
Fudpwrq/ S1 F1 +4<<;,1 Wkh H!flhqf| ri wkh IFF Vshfwuxp Dxfwlrqv/
M1 Odz Hfrq1 74/ :5:0:691
Mhklho/ S1/ dqg Progrydqx/ E1 +5333,1 Olfhqvh Dxfwlrqv dqg Pdunhw
Vwuxfwxuh/ zrunlqj sdshu/ Xqlyhuvlw| ri Pdqqkhlp1
Nohpshuhu/ S1 +5334,1 Zkdw Uhdoo| Pdwwhuv lq Dxfwlrq Ghvljq/ zrunlqj
sdshu/ R{irug Xqlyhuvlw|1
Nulvkqd/ Y1/ dqg Urvhqwkdo/ U1 +4<<9,1 Vlpxowdqhrxv Dxfwlrqv zlwk
V|qhujlhv/ Jdphv Hfrq1 Ehkdy1 4:/ 40641
PfDihh/ U1/ dqg PfPloodq/ M1 +4<<9,1 Dqdo|}lqj wkh Dluzdyhv Dxfwlrq/
M1 Hfrq1 Shuvshfw1 43/ 48<04:81
PfPloodq/ M1 +4<<7,1 Vhoolqj Vshfwuxp Uljkwv/ M1 Hfrq1 Shuvshfw1 ;/
47804951
Plojurp/ S1 +5333,1 Sxwwlqj Dxfwlrq Wkhru| wr Zrun= Wkh Vlpxowdqh0
rxv Dvfhqglqj Dxfwlrq/ M1 Srolw1 Hfrqrp| 43;/ 57805:51
P|huvrq/ U1 +4<;4,1 Rswlpdo Dxfwlrq Ghvljq/ Pdwk1 Rshudwlrqv Uhv1
9/ 8;0:61
Urwknrsi/ P1 K1/ Shnhf/ D1/ dqg Kduvwdg/ U1 P1 +4<<;,1 Frpsxwdwlrq0
doo| Pdqdjhdeoh Frpelqdwruldo Dxfwlrqv/ Pdqdjh1 Vfl1 77/ 44640447:1
V}hqwhv/ E1/ dqg Urvhqwkdo/ U1 +5334d,1 Wkuhh0Remhfw Wzr0Elgghu Vl0
pxowdqhrxv Dxfwlrqv= Fkrsvwlfnv dqg Whwudkhgud/ zrunlqj sdshu/ Xqlyhu0
vlw| ri Ervwrq1
59V}hqwhv/ E1/ dqg Urvhqwkdo/ U1 +5334e,1 Eh|rqg Fkrsvwlfnv= V|pphwulf
Htxloleuld lq Pdmrulw| Dxfwlrq Jdphv/ zrunlqj sdshu/ Xqlyhuvlw| ri Ervwrq1
Urvhqwkdo/ U1/ dqg Zdqj/ U1 +4<<9,1 Vlpxowdqhrxv Dxfwlrqv zlwk V|q0
hujlhv dqg Frpprq Ydoxhv/ Jdphv Hfrq1 Ehkdy1 4:/ 650881
Ydq Gdpph/ H1 +5333,1 Wkh Gxwfk GFV04;33 Dxfwlrq/ lq Jdph
Sudfwlfh= Frqwulexwlrqv Iurp Dssolhg Jdph Wkhru| +I1 Sdwurqh/ L1 Jdufld0
Mxudgr/ dqg V1 Wlmv/ hgv1,1 Gruguhfkw= Noxyhu Dfdghplf Sxeolvkhuv1
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